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sion [2] an intensive experimental effort started for the practical realization of teleportation. Quantum state teleportation (QST) has been realized in a number of experiments [3, 4, 5, 6] . In a beautiful example of ingenuity, although starting from a common theme, each of these experiments followed a completely different route and principle. In the present paper we report a new teleportation experiment following yet another route. In our experiment we consider a qubit which is physically realized not by a particle but by a mode of the electromagnetic (e.m.) field, and whose orthogonal basis states |0 , |1 are the vacuum state and the one-photon state respectively. Furthermore, we teleport entangled states of this qubit. We designed our scheme by adapting a method proposed by Knill, Laflamme and Milburn [7] to make it experimentally easily feasible. We later learned that our method is identical to that proposed by H.W.Lee and J.Kim [8] and also closely related to [9] . In our experiment the role of the two particles in a singlet state which constitute the non-local communication channel in the original teleportation scheme [1] is played by a photon in an equal superposition of being at Alice and Bob |Ψ = 2 − 1 2 (|Alice + |Bob ) where |Alice and |Bob represent the photon located at Alice and Bob respectively. The scheme seems puzzling. Indeed entanglement is considered the basis of teleportation and here we don't even have two particles, let alone two particles in an entangled state. The puzzle is solved however by noting that in second quantization the state of the nonlocal channel reads as |Φ singlet = 2
where the labels A and B represent two different modes of the e.m. field, with wavevectors (wv) k A and k B one directed towards Alice and the other towards Bob. The mode indices 0 and 1 denote the Fock state population by zero (vacuum) and one photon respectively. In effect the role of the two entangled quantum systems which form the non-local channel are played by the e.m. fields of Alice and Bob. In other words the field's modes rather than the photons associated with them should be properly taken as the information and entanglement carriers, i.e. qubits. (In the context of Bell's inequalities,the nonlocal aspects of a single photon have been discussed in [10] , [11] , [12] and [13] .)
Of course, in order to make use of the entanglement present in this picture we need to use the second quantization procedure of creation and annihilation of particles and/or use states which are superpositions of states with different numbers of particles. Another puzzling aspect of this second quantized picture is the need to define and measure the relative phase between states with different number of photons, such as the relative phase between the vacuum and one photon state in Eq. 1 below. That we can associate a relative phase between the vacuum and anything else seems most surprising, but it is less so if we recall the more familiar case of a coherent state, where the relative phase between the different photon number states in the superposition is reflected physically in the phase of the classical electric field. To be able to control these relative phases we need, by analogy with classical computers, to supply all gates and all sender/receiving stations of a quantum information network with a common clock signal, e.g. provided by an ancillary photon or by a multi-photon, Fourier transformed coherent e.m. pulse [14] . These concepts will be fully demonstrated by the present experiment.
The quantum system whose state we want to teleport is physically represented by another mode of the e.m. field, one with wv k S . Again we consider only a two dimensional Hilbert space of this mode, i.e. spanned by |0 S and |1 S . Thus the mode k S can be considered the qubit to be teleported.
Suppose now that the qubit k S is in an arbitrary pure state
The overall state of the system and the non-local channel is then: (2) where the states |Ψ 
2 ) where labels 1, 2 refer to modes k 1 , k 2 . As a consequence we obtain:
The state |Ψ
3
SA is a Bell type state [1] . From Eq. 3 we see that |Ψ A major technical difficulty in the above teleportation scheme is the preparation and manipulation of the pure states to be teleported. Indeed, they are superpositions of the vacuum and one-photon states of the mode k S . Manipulating such states and, in particular having control about the relative phase between the vacuum and one-photon states is quite problematic.
This can be realized in principle, for example by homodyning techniques as described in [15] . Here however, we avoid the problem altogether, by teleporting appropriate entangled states instead of pure ones. The states we consider are of the form
where k a is an "ancilla" mode. These states are in fact simple single-photon states and can be easily obtained by, say, letting a single photon impinge on a beam-splitter (BS S in Fig. 1 ) with reflectivity r S and transmissivity t S , k a being the reflected mode and k S the transmitted one. For the sake of simplicity and without loss of generality we assume that α and β are real numbers.
To summarize, in our experiment we have four qubits: k A and k B which constitute the non-local communication channel, k S which represents the system, i.e. the qubit to be teleported and k a the ancilla. The special states of these four qubits which are used in the experiment are physically implemented by exactly two photons. The state of the qubit k S is teleported to
Bob into the state of the qubit k B , thus the overall state |Ψ S a will now be transferred into the state of the qubits k B and k a . To verify that the state has been teleported we transmit the qubit k a to Bob. The QST verification consists simply by mixing the modes k B and k a at a beam-splitter (BS B ) similar to the one which was used to produce the state to be teleported |Ψ S a . We shall see that the optimum QST verification, viz implying the maximum visibility V of the corresponding interferometric patterns is obtained by adopting equal optical parameters for both BS S and BS B , i.e. |r S | = |r B | = α and |t S | = |t B | = β. This verification procedure is generally referred to as "passive teleportation" [3] . Finally, note that the "ancillary" single photon emitted on mode k a indeed provides the "clock" pulse that is needed to retrieve at Bob's side the full information content of the vacuum state |0 B entangled within the nonlocal teleportation channel, i.e. with the singlet state |Φ singlet [14] .
The experimental set-up is shown in Fig. 1 Figure 1 the complete scheme for "active" teleportation is shown, including the highvoltage Pockels cell (EOP) inserted on the mode k B . In the same figure is reported the interferometric scheme for "passive teleportation" which is also adopted for the verification of the correct implementation of the "active"
protocol, as we shall see.
We have realized experimentally the passive teleportation protocol. By 
where ( 
. In Fig. 3 is also reported a single experimental value V ≃ 0.91 related to the symmetric case.
Note that by assuming perfect detectors, i.e. with QE = 1, the above QST verification procedure involving the ancilla mode k a enables a fully SA has been realized. The data collected in correspondence with these "idle" events can automatically be discarded by the electronic coincidence circuit. In addition to that, note that the effect of the above verification procedure involving the ancilla mode k a keeps holding within the active teleportation scheme. Indeed, if the D 2 − driven EO phase-modulator works correctly within the active scheme, the detector D * 2 should be found to be always inactive.
Our present effort is directed towards the completion of the teleportation picture by the realization of the "active" scheme. The main technical problem resides in the relatively large time needed to activate a high-voltage EO device by a single photon detection. The best result we have attained so far for the 1KV switching time across an EO modulator is about 10 nsec. 
